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© Matrix display system. 



© A matrix display system comprises an active 
matrix display device (10), for example a liquid cry- 
stal device, having a column and row array of picture 
elements (12) defined by opposing electrodes 
(16,17) with associated switching elements (11), 
such as thin film transistors, which are selectively 
3°P er able by switching signals supplied via row con- 
^ductors (14) to apply data signals supplied via col- 
COumn conductors (15) to the picture elements. The 
2 Picture elements (12) are arranged in groups of at 
least two with the picture elements of each group 
2 bein 9 addressed via one row conductor (14) and one 
column conductor (15) and their associated switch- 
ing elements (11) being operable at respective dif- 
®ferent levels of the switching signal for selective 
^control. In this way, the number of address conduc- 
LUtors (14,15) required can be reduced, allowing for 
example higher picture element densities. 

The picture elements of each group may be 



from the same row or adjacent rows. For a full colour 
display, each group may comprise three picture 
elements each displaying a respective primary col- 
our. 
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MATRIX DISPLAY SYSTEM 



This invention relates to a matrix display sys- 
tem comprising an active matrix display device 
having an array of picture elements arranged in 
rows and columns and defined by opposing elec- 
trodes with an electro-optical display medium dis- 
posed therebetween, switching elements associ- 
ated with the picture elements and selectively op- 
erable by switching signals to apply data signals to 
the picture element electrodes, and switching sig- 
nal and data signal conductors for supplying the 
switching signals and data signals respectively to 
each switching element 

A matrix display system of this kind is suitable 
for displaying alpha-numeric or video (for example, 
TV) information using passive electro-optical dis- 
play material such as liquid crystal material, elec- 
trophoretic suspensions and electrochromic materi- 
als. Such active matrix addressed display systems 
may typically consist of a matrix array of a very 
large number, for example around 200.000 or 
more, picture elements. 

fn a known example of such a matrix display 
system in which the electro-optical medium com- 
prises liquid crystal material, each picture element 
is defined by a respective electrode carried on one 
of two opposing transparent substrates and a fac- 
ing portion of an electrode common to all picture 
elements carried on the other substrate. The 
switching elements comprise thin film transistors 
• (TFTs) and are arranged laterally of their respective 
picture element electrodes on the one substrate in 
an array of row and columns extending between 
the picture element electrodes with the drain of 
each TFT being connected to its associated picture 
element electrode. The sources of all TFTs asso- 
ciated with one column of picture elements are 
connected to a respective one of a set of parallel 
column (data signal) conductors and the gates of 
all TFTs associated with one row of picture ele- 
ments are connected to a respective one of a set 
of parallel row (scanning signal) conductors extend- 
ing at right angles to the set of column conductors. 
The device is driven by repetitively scanning the 
row conductors in sequential fashion with a switch- 
ing signal so as to turn "on" ail TFTs in each row 
in turn and applying data signals to the column 
conductors as appropriate for each row in turn to 
build up a display picture. When turned "on", the 
TFTs form conductive paths between the column 
electrodes and the picture element electrodes of 
the row concerned which thus charge up to the 
applied column (data) voltage. When the switching 
signal disappears at the termination of energisation 
of the row, the TFTs are turned "off", thus isolating 
the picture element electrodes of the row so that 



charge is stored on each picture element The 
picture elements stay in the state in to which they 
were driven, as determined by the applied column 
voltages, and modulate light transmission thereth- 

s rough accordingly until the next time the TFT are 
addressed, this usually being in the subsequent 
field period. In the case, for example, of a TV 
display, the column (data) voltages are obtained by 
sampling the corresponding TV line signal at a 

ro number of regular intervals according to the num- 
ber of picture elements in a row and appropriately 
placing the derived voltages on the column con- 
ductors. 

In order to obtain a full colour display, a colour 

75 filter mosaic of red, green and blue filter elements 
is carried on the other substrate to colour light 
transmitted by the picture elements. The elements 
of the filters are registered with the picture ele- 
ments so that each picture element is dedicated to 

20 one of the three primary colours. Groups of jux- 
taposed red, green and blue picture elements con- 
stitute colour triplets whose primary colour outputs 
combine to provide a multi-colour display capabil- 
ity. By driving the array of picture elements with 

25 the appropriate red, green and blue data signals, a 
full colour picture is produced. 

It will be appreciated that with the above-de- 
scribed display system the minimum number of 
rows and column conductors necessary corre- 

30 spends to the number of rows and columns re- 
spectively of picture elements. In addition to the 
need to devote a proportion of the area of the 
display device to the accommodation of the row 
and column conductors, there is also a possibiity 

35 that in view of the large number of conductors 
involved one or more could prove defective, per- 
haps rendering the device unusable. Problems are 
commonly encountered in this respect at the cross- 
overs of row and column conductors. Obviously, 

40 the more conductors employed, the greater this 
possibility becomes so that with comparatively 
large area display devices yields can be seriously 
effected. 

Furthermore, the large numbers of row and 
45 column conductors necessary can also cause prob- 
lems with the production of small area display 
devices. Large size displays can be obtained from 
small area display devices by using a projection 
system in which the image produced by the small 
so area display device is projected onto a larger area 
screen. Such a system overcomes the difficulties 
involved in producing a large area display device. 
However, in order to provide the desired display 
resolution after projection, the display device gen- 
erating the image should have adequate numbers 
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of rows and columns of picture elements. Ideally a 
small area display device having a very compact 
array of picture elements is required to provide 
sufficient picture element density. However, the 
provision of a compact array of picture elements is 
complicated by the fact that a proportionof the area 
of the device is occupied by the row and column 
conductors and fabrication of a suitable display 
device becomes difficult because the high density 
of conductors necessary restricts obtainable picture 
element density. 

It is an object of the present invention to pro- 
vide an active matrix addressed display system in 
which either fewer address conductors need be 
provided or in which duplicated address conductors 
for redundancy purposes can be more readily ac- 
commodated. 

It is another object of the present invention to 
provide an active matrix addressed display system 
which can, if desired, be fabricated either with a 
compact array of picture elements, thus rendering 
it suited to use in a projection display system, or 
with a large number of picture elements to provide 
a high resolution display. 

According to the present invention a matrix 
display system of the kind referred to in the open- 
ing paragraph is characterised in that the picture 
elements are arranged in groups of at least two 
picture elements with the picture elements of each 
group being addressed via the same switching 
signal and data signal conductors, the switching 
elements associated with the picture elements of 
each group being operable at respective different 
voltage levels of the switching signal. 

By using, therefore, switching signals obtained 
from the driving means whose levels change in 
predetermined manner over a selected amplitude 
range, the switching elements associated with the 
picture elements of each group can be^ selectively 
controlled. A high voltage level switching signal will 
cause the plurality of switching elements to be 
turned "on". A subsequent decrease in the voltage 
level of the switching signal to a value below that 
required for switching one of the switching ele- 
ments will result in that one switching element 
being turned "off" whilst the one or more other 
switching elements of the group remain "on". A 
further decrease in the voltage level of the switch- 
ing signal to another, tower, selected level will 
result in one of the other switching element's, as- 
suming there are three or more switching elements 
associated with each group, being turned "off", and 
so on. In this way each of the switching elements 
of a picture element group can be operated selec- 
tively. By applying suitable data voltages to the 
picture element electrodes via the switching ele- 
ments appropriately in synchronism with the 
changing switching signal, respective data voltages 
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are supplied to the picture elements electrodes of 
the group, causing each picture element to pro- 
duce the desired display effect regardless of the 
display effect produced by other picture elements 
5 of the group. The resulting visible display is equiv- 
alent to that which would be obtained by a cor- 
responding number of picture elements, indepen- 
dently driven via respective conductors and switch- 
ing elements. 

w It will be appreciated that by grouping and 

driving the picture elements in the aforementioned 
manner, the number of address conductors neces- 
sary is reduced. 

Each group of picture elements may comprise 

75 picture elements located adjacent one another in 
the same row or located in different, preferably 
adjacent, rows whilst still being driven via a single 
switching signal (row) conductor and a single data 
signal (column) conductor. The latter arrangement 

20 can result in a reduction in the number of switching 
signal (row) conductors necessary as well as a 
reduction in the number of data signal (column) 
conductors. 

In the case where, for example, each group 

25 comprises three adjacent picture elements of the 
same row, the number of data signal conductors 
which need be provided is reduced by a factor of 
three. Moreover, as the picture elements of each 
group are associated with only one data signal 

30 conductor and one switching signal conductor, and 
the need for conductors extending between every 
pair of adjacent elements as in earlier arrange- 
ments is avoided, the picture elements can be 
packed closer together enabling higher densities of 

35 picture elements to be achieved. Thus either a 
higher resolution display or a compact array type 
display device suitable for use in a projection sys- 
tem can more easily be obtained. 

Alternatively, space which becomes available 

40 through reducing the number of address conduc- 
tors could if desired be utilised instead to provide 
at least some duplicated conductors for redun- 
dancy purposes. Thus, for example, each of the 
reduced number of data signal conductors may 

45 have associated therewith a second, duplicate, con- 
ductor connected electrically in parallel with, and 
extending alongside, the conductor. If one of these 
parallel conductors should prove defective upon 
testing the display device, it can if necessary be 

so disconnected from the address circuitry using a 
laser scribing technique leaving the duplicate con- 
ductor in circuit. 

The number of picture elements provided in 
the groups may vary. The upper limit is selected 

55 bearing in mind that in order to allow each picture 
element to be charged to a different vaJve through 
the same data signal conductor, the row ener- 
gisation period, which is equal to 64 microseconds 
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for a TV display for example, needs to be divided 
into sub-periods during which different data signals 
are applied, the number of such sub-periods cor- 
responding to the number of picture elements in 
the group. The duration of these sub-periods is 
determined by the operating characteristics of the 
picture elements with their associated switching 
elements. 

In the case of the display device being in- 
tended to produce full colour displays, the number 
of picture elements in each group is preferably 
three, and each picture -element in a group is 
arranged to provide a display in a respective one of 
the primary colours, namely red. green and blue. 
This offers the advantage that each colour triplet of 
the display device requires only one data signal 
conductor, thus greatly simplifying construction of 
the display device. 

The switching elements may, as in known ma- 
trix display devices, comprise three terminal tran- 
sistors, such as thin film transistors (TFTs) carried 
on a glass substrate or MOS transistors formed on 
a semiconductor substrate, with their output (drain) 
terminals being connected to their associated pic- 
ture element electrodes. In order that the picture 
elements of each group are selectively controllable 
in the above described manner, the switching ele- 
ments associated with the picture elements of each 
group may have their control terminals (gates) con- 
nected directly to a common input, i.e. the same 
switching signal conductor, and be fabricated so as 
to exhibit mutually different and defined threshold 
voltages. In other words, the switching elements of 
a group require different switching signal voltage 
levels to turn them "on". 

Alternatively, the switching elements of each 
group may exhibit substantially similar threshold 
voltages and their control terminals may be con- 
nected to a common supply of the switching sig- 
nals (i.e. a row conductor) via circuit elements, 
which circuit elements provide the required dif- 
ferent operating characteristics. In this respect, the 
circuit elements may comprise capacitors with mu- 
tually different capacitive values, each capacitor 
being connected in series between the control ter- 
minal of a respective switching element and the 
common supply. 

The transistor switching elements associated 
with each group are preferably interconnected in 
cascade with the input (source) and output (drain) 
terminals respectively of adjacent transistors being 
connected together. The drain terminals of the tran- 
sistors are also connected to their respective pic- 
ture element electrodes. While the input (source) 
terminals of the transistors could instead be con- 
nected independently of one another to the data 
signal conductor, the above arrangement is consid- 
ered advantageous in that it eliminates the need for 
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separate interconnection tracks between each tran- 
sistor and its associated data signal conductor and 
greatly simplifies fabrication. 

In order to improve yields by introducing fault- " 

5 tolerance capability into the display device, each 
picture element of each group may be associated 
with a further switching element, the further switch- 
ing elements of each group being connected to the 
same data signal conductor as the first-mentioned 

w switching elements and to a different, adjacent 
switching signal conductor and, as with the first 
mentioned switching elements, be operable at re- 
spective different voltage levels of the switching 
signal on this different conductor. This adjacent 

;s switching signal conductor would for convenience 
normally be the next switching signal conductor, 
this conductor also being connected to the first- 
mentioned switching elements associated with the 
picture elements of the succeeding row. Each pic- 

20 ture element is therefore associated with two 
switching elements addressed respectively with 
switching signals from two successive switching 
signal conductors. In use, operation of the first 
mentioned switching elements serves in effect to 

25 pre-charge the picture elements concerned using 
data intended for picture elements of a preceding 
row and the further switching elements subse- 
quently operate, upon a switching signal being 
supplied to the succeeding switching signal con- 

30 ductor, to load those picture elements with their 
proper data. Whilst this drive scheme is more 
complicated, it offers the advantage of fault toler- 
ance. In the event of, for example, one of the first- 
mentioned switching elements of a group proving 

as to be faulty, the further switching elements asso- 
ciated with the group operate to ensure a display 
effect is produced by the picture elements rather 
than one or more of the picture elements being 
perhaps permanently on or off as could otherwise 

40 happen. In the event, on the other hand, of one of 
the further switching elements of the group being 
defective, the first-mentioned switching elements 
operate to ensure that an acceptable display effect 
is produced. In the specific example described this 

45 display effect would be similar to that obtained 
from correspondingly-positioned picture elements 
in the preceding row. In the situation where the 
first-mentioned switching elements of each group 
are interconnected in cascade, the further switching 

so elements may likewise be interconnected in cas- 
cade. 

Embodiments of matrix display systems in ac- 
cordance with the present invention will now be 
described, by way of example, with reference to 
ss the accompanying drawings, in which:- 

Rgure 1 is a schematic circuit diagram of a 
matrix display system according to the present 
invention having a liquid crystal display device with 




picture elements in a column and row array and 
intended to be used for displaying video informa- 
tion; 

Figure 2 shows diagrammatically in plan 
view, and in greater detail, a part of the display 
device of the system of Figure 1 in which the 
picture elements of the device are arranged in 
groups, the particular part shown comprising a typi- 
cal group consisting of three juxtaposed picture 
elements in one row of the device; 

Figures 3a and 3b show by way of example 
typical switching signal and data signal waveforms 
respectively applied to the group of three picture 
elements shown in Figure 2; 

Figure 4 is a view similar to that of Figure 2 
showing a typical group of three picture elements 
of a modified form of the display device of Figure 2 
and which also incorporates further components for 
fault tolerance purposes; and 

Figure 5 shows diagrammatically in plan 
view a typical part of the display device of another 
embodiment of matrix display system according to 
the invention, the display device in this case having 
its picture elements arranged in groups of four 
from two adjacent rows. 

Referring to Figure 1, there is shown in simpli- 
fied form a block diagram of the matrix display 
system which includes an active matrix addressed 
liquid crystal display panel 10 consisting of m rows 
(1 to m) with n horizontal, and vertically - aligned, 
picture elements 12 (1 to n) in each row, only a few 
of which are indicated in Figure 1 for simplicity. In 
practice, the total number of picture elements (m x 
n) in the column and row matrix array may be 
200.000 or more. Each picture element has an 
associated switching element in the form of an 
amorphous silicon thin film transistor (TFT). Groups 
of three of these TFTs associated with groups of 
three adjacent picture elements in each row are 
indicated in Figure 1 by the blocks 1 1 . 

The gate electrode of all TFTs associated with 
picture elements in the same row are connected to 
a respective row conductor 14 to which switching 
(gating) voltage signals are applied. The source 
electrodes of the TFTs are supplied with data sig- 
nals via column conductors 15. The drain elec- 
trodes of the TFTs are each connected to a re- 
spective electrode 16 forming part of, and defining 
the area of, its associated picture element 

The row and column conductors 1 4 and 1 5, the 
TFTs and picture element electrodes 16 are all 
carried on one substrate of the panel. A common 
counter electrode, portions of which are indicated 
at 17 in Figure 1, associated with all the picture 
elements is carried on a further substrate extending 
parallel to, and spaced from, this substrate with TN 
liquid crystal material disposed therebetween. The 
opposing substrates, which may be of glass, are 
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provided with polariser and analyser layers in con- 
ventional manner. In operation of the panel, the 
liquid crystal material modulates light depending 
upon a voltage applied thereacross with each pic- 

s ture element, defined by a respective picture ele- 
ment electrode 16, an opposing portion of the 
common electrode 17, and the liquid crystal ma- 
terial therebetween, being operable to vary light 
transmission through the panel in accordance with 

w a drive voltage applied across its respective elec- 
trodes. The picture elements 12 in Figure 1 are 
represented by capacitors denoting the picture ele- 
ment capacitance. A separate storage cap'acitor 
connected in known manner in each picture ele- 

is ment circuit could be provided but this is not 
always necessary. 

Row addressing of the matrix array of picture 
elements 12 is achieved by applying a positive 
switching signal to a row conductor 14. This turns 

20 on the TFTs in that row in a selective manner as 
will be described. The row conductors 14 are se- 
quentially addressed to provided row scanning. Us- 
ing one row at a time addressing each TFT is 
switched on during a line time Tl during which data 

25 signals, in this case video information signals, are 
transferred to the picture elements via the column 
conductors 15. During the remainder of the field 
period, Tf, (Tf being approximately equal to m. Tl) 
the TFT is off and its function is to keep the video 

30 voltage across its associated picture element by 
•virtue of the natural capacitance of the picture 
element. The liquid crystal is effectively directly 
driven, and thus any number of rows could be 
addressed, depending on the switching characteris- 
es tics of the TFT. 

The general construction and operation of ac- 
tive matrix address liquid crystal display panels are 
well known and have been widely described and 
documented elsewhere. For this reason, it is not 

40 considered necessary to describe here these gen- 
eral aspects in detail. For further information in this 
respect, reference may be made to the paper en- 
titled "Liquid Crystal Matrix Displays" by Lechner 
et al, published in Proceedings of the IEEE. Vol. 

45 59. No. 11, November 1971, pp 1561-1579. 

The row conductors 14 are driven by a digital 
shift register circuit 20 supplied with regular timing 
pulses from a timing and control circuit 21. The 
timing and control circuit 21 in turn is supplied with 

so synchronisation signals, X, derived from the re- 
ceived TV signals via a tuner, IF circuit, video 
amplifier and synchronisation separator circuits (not 
shown), video information signals, T, from the vid- 
eo amplifier are applied, via a video processing 

55 circuit 22, to a sample and hold circuit 23 con- 
trolled by a shift register circuit 24 which is fed 
with timing signals from the timing and control 
circuit 21. The shift register and sample and hold 
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circuits 23 and 24, which are of known type as 
conventionally used and accordingly shown here in 
simple block form, act as a serial to parallel con- 
version circuit appropriate to the line at a time 
addressing of the panel and sample one line of the 
video Information signal at a time and place the 
relevant voltages on the column conductors 15 via 
a switching circuit 30 whose function will become 
apparent. The particular sample and hold circuit 23 
employed depends upon whether the display sys- 
tem is to provide a half or full vertical resolution, 
colour or monochrome, TV display. In all forms, 
however, the circuit 23 samples the incoming video 
information signal at n points during each TV line 
period and applies these voltages respectively to n 
output lines, where n corresponds to the number of 
picture elements in each row of the panel 10. The 
n output lines from the circuit 23 are fed into the 
switching circuit 30 which comprises a series of 
solid state switches whose operation is controlled 
by the timing and control circuit 21. The circuit 30 
has n/3 outputs, each of which is coupled to a 
respective one of the column conductors 15 and is 
switchabiy connected in predetermined sequence, 
via an associated one of the solid state switches, to 
each one of a group of three adjacent outputs of 
the circuit 23 in turn. 

When the TFTs in one row are turned on, they 
form conductive paths between the column elec- 
trodes 15 and their respective picture element 
electrodes 16 so that the picture elements in that 
row charge up to the appropriate video information 
voltage. When the TFTs are turned off by removal 
of the switching signal from the row conductor 14. 
the picture elements are isolated and charge is 
stored on the elemental capacitors. The picture 
elements thus stay in the state into which they 
were driven until the next time they are addressed, 
which, in the case of a TV display, will be in the 
subsequent frame period. 

In order to avoid electrochemical degradation 
of the liquid crystal material, the polarity of the 
drive voltages applied to the picture elements is, in 
accordance with known practice, inverted periodi- 
cally, although the means by which this is achieved 
has been omitted from Figure 1 for simplicity. 

Referring now also to Figure 2, there is shown 
a typical portion of the display panel 10 in greater 
detail. In accordance with the invention, the picture 
elements are arranged in groups, each group, such 
as that indicated by the dotted line 18, comprising 
a plurality of juxtaposed picture elements 12 shar- 
ing the same column and row conductors 14 and 
15. In the illustrated embodiment, each group com- 
prises three picture elements located adjacent one 
another in the row direction, their electrodes here 
referenced 16', 16" and 16'". Although shown as 
oblong other electrode shapes, such as squares, 
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could be employed. The three TFTs associated 
with the three picture element electrodes, referen- 
ced 34, 35 and 36. and corresponding to a block 
11 in Figure 1, are arranged to one side of the 

5 electrodes and have their gate terminals connected 
directly to the same row conductor 14. Their drain 
terminals are connected directly with their respec- 
tive picture element electrodes. The TFTs are inter- 
connected in cascade with the drain terminal of 

10 TFT 34 connected to the source terminal of TFT 35 
and the drain terminal of TFT 35 connected to the 
source terminal of TFT 36. 

The source terminal of TFT 34 is connected to 
a column conductor 15. This column conductor 15 

is is shared by the group of three picture elements 
(and likewise other similar groups of picture ele- 
ments in the same columns as these picture ele- 
ments) whereby only one column conductor 15 is 
provided extending between adjacent groups of 

20 three picture elements compared with one column 
conductor between every adjacent pair of picture 
elements in known display panels. Hence, only n/3 
column conductors 1 5 are provided. 

The TFTs 34, 35 and 36 are selectively con- 

25 trollable so that video information in the form of 
voltage signals can be loaded into the three picture 
elements as appropriate. In this respect, the TFTs 
of this group (and likewise corresponding TFTs in 
other groups) are arranged to switch to their "on" 

ao states at respectively different well defined, volt- 
age levels on the row conductor 14. Thus, at a 
certain voltage level on the conductor 14, the TFT 
34, (and correspondingly-positioned TFTs of other 
groups in the same row), will be switched "on". At 

35 a higher voltage level, TFT 35, (and again other 
correspondingly-positioned TFTs of other groups in 
the same row), will be switched "on" as well. At an 
even higher voltage level, the TFT 36. (and other 
correspondingly-positioned TFTs in the row), will 

40 also be switched "on", so that at this voltage level 
all three TFTs in each group, and thus ail TFTs of 
the row, will be switched on simultaneously. 

In the example illustrated in Figure 2, this 
selective control of the TFTs is achieved by 

45 fabricating the TFTs of each group so as to have a 
different inherent threshold voltage, although other 
techniques may be employed instead, as will be 
described subsequently. 

Figure 3a shows part of a typical waveform for 

so the switching signal, Vg, applied to a single row 
conductor 14. At the beginning of a selected row 
energisation period, the switching signal Vg is at a 
high level. At a certain time thereafter the signal Vg 
drops to an intermediate voltage level and then, 

55 after another predetermined period, to a low level 
before finally dropping to zero at which time a 
similar waveform is applied to the next row conduc- 
tor 14 to be energised. The duration of this se- 
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quence of high, intermediate and low voltage levels 
corresponds approximately with the duration of row 
energisation, which for a TV display will be equal to 
the line period, that is, around 64 microseconds, 
and each level is maintained for a similar period, 
approximately one third of the line period. During 
the next TV field period, this sequence is repeated, 
and so on. The time interval between these se- 
quences for a TV display is around 20 ms. 

In synchronism with these switching signal se- 
quences, and similarly under the control of the 
timing and control circuit 21, video information 
(data signals). S. for the three picture elements of 
the group are applied to the relevant column con- 
ductor 15. Similarly video information signals for 
the three picture elements of ail other groups in the 
same row are applied to their respective column 
conductors 1 5. Figure 3b illustrates a typical exam- 
ple of video information waveform for the group of 
three elements shown in Rgure 2 where the vol- 
tages to be supplied to the picture element elec- 
trodes 16'. 16" and 16"' are designated S 3t S 2 
and Si respectively^ The polarity of the data vol- 
tages is inverted for row energisations in succes- 
sive fields. During the period between the two 
successive sets of information signals shown in 
Rgure 3b, similar information signals will be ap- 
plied to the same column conductor 15 for other 
groups of picture elements of the panel in the 
same columns, but these have been omitted for 
simplicity. 

Loading the group of three picture elements 
shown in Rgure 2 will now be described in greater 
detail. At the beginning of the switching signal, Vg, 
sequence, all three TFTs are turned on as this high 
voltage level exceeds all their threshold voltages. 
Simultaneously with this high voltage level, the 
information signal S1 is applied to the associated 
column conductor 15 by the circuits 23. 24 and 30 
and is transferred to the drain electrodes of the 
three TFTs so that all three picture element elec- 
trodes 16'. 16V and 16'" are charged to SI. When 
the switching signal voltage drops to its intermedi- 
ate level, the TFT 36 turns off as this intermediate 
level is below its threshold voltage but the other 
two TFTs 34 and 35 remain on. Simultaneously 
with this intermediate switching signal level, the 
information signal applied to column conductor 15 
is changed to S2 by switching of the circuit 30 so 
that the picture element electrodes 16' and 16" are 
then charged to S2. The charge on electrode 16'" 
remains at S2. Upon the switching signal voltage 
dropping further to its low level, the TFT 35 is 
turned off as this low level is below its threshold 
voltage so that only TFT 34 remains on. The video 
information signal on column 15 again changes at 
this point to S3 by operation of the circuit 30 so 
that picture element electrode 16' is charged to S3. 



12 



Electrodes 16 and 16 remain at S2 and S1 
respectively. Finally, when the switching signal volt- 
age is removed. TFT 34 turns off, thus storing 
charge S3 on electrode 16*. 

5 The picture element electrodes 16'. 16" and 

16 then remain at their respective charged levels 
until the next time the row is energised with a 
further switching signal sequence in the subse- 
quent field period and fresh information signals are 

/o then applied to the electrodes in a similar manner. 

Although during this loading procedure some of 
the picture elements are supplied temporarily with 
video information not specifically intended for those 
elements, the duration of the periods involved is so 

/5 small that a visible effect in the display picture 
should not be perceived. 

It will be appreciated that the picture elements 
of other groups in the same row are loaded with 
the proper video information during the row ener- 

20 gisation period in a similar manner via their asso- 
ciated, different, column conductors 15. The re- 
maining rows of picture elements are loaded se- 
quentially in similar fashion. 

Using the above-described technique, the pic- 

25 ture elements are loaded with their appropriate 
video information using only one third of the num- 
ber of column conductors employed previously. 
This allows a higher packing density of picture 
elements enabling increased picture element areas 

30 or more compact display panels suitable for use in 
projection systems and also reducing the risk of 
problems occurring because of column conductor 
faults. 

Some of the space which becomes available 

35 through the reduction in numbers of column con- 
ductors necessary may be utilised to provide du- 
plicate column conductors each of which runs 
alongside a respective column conductor 15 and is 
connected electrically in parallel therewith. This 

40 duplicate conductor provides a back up in the 
event of the column conductor 15 proving defec- 
tive. The defective conductor, or a portion thereof, 
may be disconnected from the circuit by a laser 
scribing technique if such action is necessary, for 

45 example if the fault involves a short circuit between 
the conductor and a row conductor. An example of 
one such duplicate conductor is shown chain dot- 
ted at 19 in Rgure 2. 

Whereas in the particular embodiment de- 

50 scribed above each group of picture elements con- 
sists of three elements, the numbers of elements in 
the groups may be varied. For example each group 
may comprise two or four or more elements. Obvi- 
ously the numbers of elements in the groups is 

ss limited in view of the preset duration of the avail- 
able loading time, corresponding to a TV line pe- 
riod, and by the switching characteristics of the 
TFTs and the charging characteristics of the pic- 
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ture elements. 

Groups of three picture elements are particu- 
larly advantageous in a full colour display system. 
In this case, a filter sheet comprising red. green 
and blue filter elements overlies Jhe picture ele- 
ment electrodes 16', 16" and 16", with the cor- 
responding elements of other groups, being in reg- 
istration with a respective colour filter element. For 
example, the three picture elements defined by the 
electrodes 16*. 16 ' and 16 " may respectively 
display red, green and blue video information. Each 
group thus forms a colour triplet having a red, 
green and blue picture element and similar in re- 
spects to those of a colour CRTs phosphor screen. 
Conveniently therefore, using the described loading 
procedure, each colour triplet of the display panel 
is loaded using only one row and one column 
conductor. Obviously in such a full, colour display 
system the sample and hold circuit 23 is modified 
and fed with appropriate R. G and B video signal 
components from the processing circuit 22 in a 
known manner for supply in the relevant order to 
its n output lines in accordance with the chosen 
order of colours in the triplets. 

The area occupied by each of the groups of 
three picture element electrodes, and hence the 
area of the picture elements they serve to define, 
may correspond substantially with the area of a 
single picture element in a conventional liquid cry- 
stal matrix display system thereby increasing the 
horizontal resolution of both monochrome and full 
colour types of display, by a factor of three in the 
described example. Even when the area of each 
picture element corresponds with that of a conven- 
tional display system, the system of the invention 
still offers a reduction in the numbers of column 
conductors necessary and the attendant advan- 
tages. 

Figure 4 is a schematic plan view, similar in 
respects to Figure 2 showing a typical part of a 
modified display device of a liquid crystal matrix 
display system acording to the invention. The dis- 
play device shares many similarities with that of 
Figure 2 and accordingly like components have 
been designated the same reference numerals. 
This display device differs firstly in that the TFTs 
34, 35 and 36 are fabricated identically so as to 
have a substantially similar threshold voltages and 
are each rendered switchable in response to a 
different switching voltage level appearing on the 
row conductors 14 by means of capacitors, here 
referenced 40, 41 and 42, connected in series 
between their gate terminals and the row conductor 
14. The capacitors 40, 41 and 42 are of suitably 
different values whereby three different and well 
defined voltage levels on the conductor 14 are 
needed to turn on the respective three TFTs. In 
use. the display device operates similarly to the 




previously-described device with the TFTs together 
with their associated capacitors serving in effect as 
TFTs with different threshold levels. 

The modified display device differs secondly in 

5 that a further set of cascade-connected TFTs and 
associated capacitors are also provided for each 
group, this further set. referenced 45, 46 and 47 in 
Figure 4, being arranged on the opposite side of 
the picture element electrodes 16', 16" and 16"' 

w and interconnected as shown between the same 
column electrode 15 and the picture element elec- 
trodes in a similar manner to the TFTs 34, 35 and 
36. The sides of the capacitors of this further TFT 
set remote from their respective gate terminals are 

is coupled to the row conductor 14 immediately suc- 
ceeding that associated with the first-mentioned 
TFTs, 34, 35 and 36. The provision of this further 
set of TFTs offers a degree of fault tolerance in 
that certain of the more common defects exper- 

20 ienced with TFTs will not result in the associated 
picture element being permanently on or off. The 
picture elements of the groups are effectively ad- 
dressed twice in each field period, first through the 
TFTs 34, 35 and 36 upon energisation of their 

25 associated row conductor 14 and then through the 
TFTs 45, 46 and 47 upon energisation of the suc- 
ceeding row conductor 14. Addressing through the 
TFTs 34, 35 and 36 serves to pre-charge the 
picture elements of the group, using video informa- 

30 tion signals intended primarily for picture elements 
of the preceding row, prior to them being loaded 
with their proper video information via TFTs 45, 46 
and 47, If one of the TFTs 34, 35 and 36 should 
prove defective, information can nevertheless be 

35 loaded into the group of picture elements through 
the further TFTs 45, 46 and 47. If, on the other 
hand, one of these further TFTs proves defective, 
the picture elements can still produce an accept- 
able display effect, rather than possibly being per- 

40 manently on or off as might otherwise happen, 
using the video information supplied through TFTs 
34, 35 and 36. Although this information will be the 
same as displayed by the correspondingly-posi- 
tioned picture elements in the previous row, this 

45 would not normally be perceived by a viewer. 

In the above-described embodiment, and modi- 
fications thereof, the picture elements of the dis- 
play device are arranged in groups comprising 
picture elements of the same row leading to a 

so reduction in the numbers of data signal conductors. 
However it will be appreciated that other group 
configurations are possible involving picture ele- 
ments of different rows leading to a reduction in 
the number of switching signal conductors neces- 

55 sary as well as, or instead of, reductions in data 
signal conductors. 

Referring to Figure 5, there is shown in plan 
diagrammatic form a part of the active matrix ad- 
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dressed liquid crystal display device of another 
embodiment of a display system according to the 
invention in which reductions in row conductors are 
achieved as well. The display device shares many 
similarities with that of the Figures 1 and 2 embodi- 
ment and accordingly the same reference numerals 
have been used to designate like components. The 
main differences between this display device and 
that of figure 2 are that, firstly, the picture elements 
are configured in groups of four rather than three, 
and, secondly, each group comprises picture ele- 
ments, in this case pairs of elements, from two 
adjacent rows of picture elements. Two complete 
examples of such groups are shown bordered by 
the dotted lines 50, The picture element electrodes 
16 of the four picture elements of a typical group 
are connected to the drain terminals of four TFTs 
51, 52, 53 and 54, respectively. The gate terminals 
of these four TFTs are connected directly to the 
same row conductor 14. Likewise, their source ter- 
minals are connected to the same column conduc- 
tor 15. The four TFTs associated with each group 
have mutually different and defined threshold vol- 
tages, similar to the TFTs of the Figure 2 arrange- 
ment, although instead they could have substan- 
tially identical threshold voltages and be coupled to 
the row conductor 14 via respective series capaci- 
tors having different capacitance values in a similar 
manner to the arrangement of Figure 4. 

Operation of this display device is generally 
similar to that previously described with reference 
to the embodiment of Figu res 1 and 2. A switching 
signal Vg similar to that shown in Figure 3a except 
that in this case four rather than three different 
steps of predetermined voltage levels chosen in 
accordance with the threshold voltage levels of the 
four TFTs of each group are provided in each 
switching sequence, is applied to each row con- 
ductor 14 in turn. Appropriate data signals are 
applied to the column conductors 15 in synchro- 
nism with the stepping of the switching signal se- 
quence as previously so that at the end of the 
switching signal sequence each of the four picture 
elements of each of the groups in a line is loaded 
with the relevant video information, it will be seen 
therefore that two rows of picture elements are 
loaded in one row energisation period. Successive 
pairs of rows of picture elements are subsequently 
loaded in similar fashion in turn to build up a 
complete display picture in one field period. 

In view of the different configuration of the 
picture elements in each group compared with that 
described with regard to Figure 2, appropriate 
modification will be necessary to the circuits 20, 
23, 24 and 30 of Figure 1 for driving the display 
device. In particular, as two rows of picture ele- 
ments of the device are effectively driven simulta- 
neously, that is, at least in the same row ener- 



gisation period, the sample and hold circuit 23 is 
capable in this case of sampling and holding data 
signals for two TV lines at a time and the switching 
circuit 30 is suitably configured with regard to the 

5 outputs from circuit 23 for supplying the relevant 
data signals to the column conductors 15 in an 
order appropriately corresponding to the chosen 
loading sequence of the four elements of each 
group. For a given number of picture elements it 

to will be appreciated that with this form of display 
device, the number of column conductors 15 nec- 
essary is half that required by a conventional dis- 
play device with the same number of picture ele- 
ments. Moreover, it will be seen that the number of 

rs row conductors 1 4 is also halved compared with a 
conventional display device and it will be under- 
stood therefore that the shift register circuit 20 is 
arranged to energise sequentially only the reduced 
number of row conductors 14. Each row conductor 

20 14 may be energised by this circuit 20 with a 
switching synch sequence for a period correspond- 
ing to twice that of a TV line period. 

As the picture elements of each group are 
taken from two adjacent rows in this embodiment, it 

25 is convenient for the row conductors 14 to extend, 
as shown, through the groups rather than along 
spaces between the groups as in the previous 
embodiment. Likewise, the column conductors 15 
extend through the groups. 

30 Whilst groups of four picture elements have 

been specifically described for this embodiment, 
each group may have more, or less, than four 
picture elements. !f t for example, each group com- 
prises six picture elements, using three from each 

35 of two adjacent rows, then each group may be 
used, in conjunction with the appropriate colour 
filters, to provide in effect two colour triplets in a 
full colour display. 

As before, duplicate address conductirs may 

40 be provided if desired. 



Claims 

45 1. A matrix display system comprising an ac- 

tive matrix display device having an array of pic- 
ture elements arranged in rows and columns and 
defined by opposing electrodes with an electro- 
optical display medium disposed therebetween. 

so switching elements associated with the picture ele- 
ments and selectively operable by switching sig- 
nals to apply data signals to the picture element 
electrodes, and switching signal and data signal 
conductors for supplying switching signals and 

55 data signals respectively to each switching ele- 
ment, characterised in that the picture elements are 
arranged in groups of at least two picture elements 
with the picture elements of each group being 
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addressed via the same switching signal and data 
signal conductors, the switching elements asso- 
ciated with the picture elements of each group 
being operable at respective different voltage levels 
of the switching signal. 

2. A matrix display system according to Claim 
1, characterised in that each group of picture ele- 
ments comprises picture elements located adjacent 
one another in the same row. 

3. A matrix display system according to Claim 
1 or Claim 2, characterised in that the switching 
signal and data signal conductors extend at right 
angles to each other along spaces between adja- 
cent groups of picture elements. 

4. A matrix display system according to Claim 
3, characterised in that at least some of the data 
signal and switching signal conductors are dupli- 
cated. 

5. A matrix display system according to Claim 
1, characterised in that each group of picture ele- 
ments comprises picture elements located in adja- 
cent rows. 

6. A matrix display system accordirig to Claim 
5, characterised in that the switching signal con- 
ductors and data signal conductors extend at right 
angles to each other through groups of picture 
elements. 

7. A matrix display system according to any 
one of Claims 1 to 6, characterised in that each 
group of picture elements comprises three picture 
elements and in that each of the three picture 
elements is arranged to provide a display in a 
respective one of the primary colours. 

8. A matrix display system according to any 
one of Claims 1 to 7, characterised in that the 
switching signals comprise a voltage waveform 
which changes from a higher level at which all the 
switching elements for the picture elements of a 
group are operated to at least one lower level at 
which at least one switching element is not op- 
erated so as to operate selectively the switching 
elements, and in that the data signals for the pic- 
ture elements concerned are supplied in synchro- 
nism with changes in the switching signal voltage 
waveform. 

9. A matrix display system according to any 
one of Claims 1 to 8, characterised in that the 
picture elements of each group are each asso- 
ciated with a respective further switching element, 
the further switching elements of each group being 
connected to the same data signal conductor as 
the first-mentioned switching elements and to a 
different, adjacent, switching signal conductor, and 
being operable at respective different voltage levels 
of the switching signal supplied to that different 
switching signal conductor. 



10. A matrix display system according to any 
one of Claims 1 to 9, characterised in that the 
switching elements comprise transistors whose out- 
put terminals are connected to their associated 

5 picture element electrodes. 

1 1 . A matrix display system according to Claim 
10, characterised in that the control terminals of the 
transistors of each group are connected directly to 
their associated switching signal conductor and in 

w that the plurality of transistors for the picture ele- 
ments of each group are fabricated so as to exhibit 
mutually different and defined threshold voltages. 

12. A matrix display system according to Claim 
10, characterised in that the transistors associated 

ts with each group of picture elements exhibit sub- 
stantially similar threshold voltages and in that their 
control terminals are connected to an associated 
switching signal conductor via circuit elements, 
which circuit elements provide the required dif- 

20 ferent switching voltage level operating characteris- 
tics. 

13. A matrix display system according to Claim 
12, characterised in that the control terminals of the 
transistors associated with a group of picture ele- 

25 ments are each connected to an associated switch- 
ing signal conductor via a respective series capaci- 
tor and in that the series capacitors associated with 
the group are of mutually different values. 

14. A matrix display system according to any 
30 one of Claims 10 to 13, characterised in that the 

transistors associated with each group of picture 
elements are interconnected electrically in cascade 
with the input and output terminals respectively of 
adjacent transistors being connected together, each 
35 output terminal also being connected to a respec- 
tive one picture element electrode. 

15. A matrix display system according to any 
one of Claims 10 to 14, characterised in that the 
transistors comprise thin film transistors. 

40 16. A matrix display system according to any 

one of Claims 1 to 15, characterised in that the 
electro-optical display medium comprises liquid 
crystal material. 

45 
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